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INTRODUCTION 
This paper is one of @ scriecs on mining and Dee methods: and -cests [2:2 


nublished by tho United Sites. Bureau of liines. 


The Golden Messenger miic, operated by the United .Gold Nines Corporatic:, 
is in the York=Cunfedevate Gilen mining region in Luwis and Clark County, %&=., 
C2 miles nortneast of tre cliv limits of Helena and about -1 mile north of ti 
town se car It is tne first operation to oxn.oit succossfully the low-gre-¢ 
ores of the York-Confedcrate Gulch area. Tho wirsueal vein structure presenis 
some minine probvlems that havc been solved in an intercsting manner. 


ACANOWLEDGLSNTS 


The information containcd in-this circular was obtained during a visit ‘% 
the mine in June 1936 and was supplied through the courtesy of ca C. Archibat, 
gencral maragcr of the United Gold Minos aa 


The writer Bee aiehos to ugienawiedee his iudopteanous to D. P. Knowles, 
mine superintendent; -R. F. Howe, mill supcrintendent; and George Bennett, ¢%-- 
ogist from whese mans the geologic plans-end cross-section shown herein rere 
reduced. 


For the ietory and eereead eicieey y, the writoer-has drawn freely unon im 
formation contained inU.S,Geolgioal Gurvey Bulletin &42, Mctalliferous Deposits 
of the Greater Helena Mining BSETONs Montana, pee J. T. Pardee and F, C, Schra-s: 


HISTORY | 
In conmon with most golémining districts, the first production of the Yor 
Confedorate Gulch region cemo from the placer doposits of the stroams drainit: 
the area travercred by the gold-bearing veins. This production beginning in <= 
latter half of the nineteenth century, has continued cown to the present day, <4 
the estimated total output has been petwoen $17, 0C9,COO0 and $18,000,000, 


Prior to nEowent operetions, total production from all veirs on the Gols: 
Messenger dike hid been estimated at about $500,000, while lode production 0: ‘= 
entire York-Confederate Gulch region was estimated at between $550,000 and 
$800,000. 
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Among the first quartz veins located in the district was the Little Dandy in 
>. Although the Little Dandy was the richest, a number of other veins were 
zted and worked, particularly in the period from 1895 to 1900. Most of these 
1S, with the exception of the Golden Messenger, were small, high-grzde, and 
— very persistent, although, according to Pardee and Schrader, there is a 
“3SLbility of developing in this area otner commercial deposits comparable in 
-2 to the Golden Messenger. This property was incluced with the Little Dandy 
2 grouv of claims purchased in 1899 by John and Charles Friedereicns. and 
“3rs, who incorporated the Columbia Gold Mining & Milling Co.; the Golden 
.3engzer cleims were develoved to some extent, and a small mill was built on 
wit Creek, This mill, which was destroyed by fire in 1902, was capable of 
.7 @ 55 percent recovery by amalgamation, 


In 1913 the York Mining Co. built the present mill (building) and treated 
onsiderable tonnage by cyaridation. It wes followed by other operators, who 
‘to 1927 brought the total production from the Golden Messenger claims up to 
ut 34,000 tons of $6 to $7 gold ore. 


In 1927 and 1928 the Golden Messenger Corporation did 2,000 feet of dem 
~oment work on the Golden Messenger veins but made no effort to operate 
at mill, 


- In 1934 the Golden Messenger mine was taken over by the present operators, 
. remodeled the mill and introduced efficient control of mining operations, 
cee Jenuary 1935 a production of epproximately 125 tons per day has been 
ntained, 


ACCESSIBILITY AND CLIMATE 


The Golden Messenger mine is reached by a good dirt road from Helena, which 
‘sses the Missouri River (Lake Hauser) on a steel bridge at the mouth of Trout 
2ek and thence follows the general course of Trout Creek to York and up Dry 
"ch about 1 mile to the mine, which is at an elevation of 4,200 feet above sea 
“rol, This is only 200 feet higher than Helena, and since there are no inter- 
‘ling mountains the mine is readily accessible by automobile throughout the year 
sept during short periods whén heavy storms occur. 


The climate is semiarid the annual precipitation being 10 to 13 inches, 
“tever, the mine is on the edge of the timbered area of the Belt Mountains, 
“ich lie to the northeast. Mean average monthly temperatures for this section 
‘ontena range from a minimum of about 20° F. in January to about 66° in July 
1 August e 


GENERAL GEOLCGY 


_ The gcolpsy of the region has been described and mapped in detail by Pardee 
“a Schrader ,L/ from whose work the following was abstracted: 


Pardee, J» T., and Schrader, F. C., Metalliferous Deposits of the Greater 
Eelena Mining Region, Mont.: U. S. Gcol. Survey Bull. S42, 1933, p. 144, 
Work cited (footnote 3). 7 


50 eee: a 


Google 


I. C. 6947 


The York-Confederate Gulch region is underlain by a series of steeply dinri: 


shaly, slaty, calcareous rocks of the belt series (Alzonkian). Along a nearly 
straight line, from the ridge north of York to Avalanche Gulch, a distance of 
about 15 miles, these sediments are intruded by a succession of large, vertic- 
ally dipping, quartz diorite dikes, each of which is 2 to 4 miles long and 300 
to 4OO feet wide (fig.1l). 7 


These dikes, as well &s some other intrusives found in the region, have 
been assigned tentatively to the exrly or middle Eocene and are probably basic 
offshoots from the auartz monuzonite of tne Bouldér batholith to the southwest. 
The lode and vein derosits of the region are invariably associated with these 
intrusives and lie either within the intrusive roc'zs or in the adjacent sed- 
imentarics within a sho: t cistance cf the contact. 


The Golden Messenzer is the most westerly of the large dikes, It contains 
the Goldon Messenger ore bodics as well as numorous other veins, the most ix 
portant of which are those of the Little Dandy minc, about 1/2 mile east, and 
the Golden Charm rine, about 11/2 miles west. 


MILLING GaOLOGY 


The veins of tne Golden Messengcr mine may be classed as the unusual tyre 
known as "ladder veins." Thuy comprise a rathvr closcly spaced series that cuts 
across the strike of the dike so as to suggest the rungs of a laddcr. 


The predominant strike of these vcins is between north end northeast, al-~ 
though there are a number of exceptions, notably the Chine vein, which strikes 
almost cast and west along the strike of the dike, 


The north-south veins dip to the west and enstewest veins to the north. 
The dips of the veins vary; the veins of commercial valuo so far developed gerx- 
erally dip between 30° and 60°. The bulk of the present production comes fron 
veins with an average dip of about 40°. 


Ore bodies of commerical width usually may be classed as lodes formed by 
compound rathcr than simple veins, The ore consists of quartz filling and re- 
placement along fractures in the diorite. Widths range from smell veinlets up 
to lodes 30 feet wide, but the usucl width of the workeble lode is 4 to 10 feet, 
measured normel to the vein, The lodes usually ere confined to the diorite dixe 
and are cut off or beccme too small to be workable where they cross the contact 
into the shales, In a fow instances, however, small, rich veins have continued 
into the shalcs. The first vork in the dike was the result of following one of 
these high-grede veins from the shale into the diorite, 


Mincrelization consists of pyrite in fine grains or, locelly, in thin 
layers or bands. Grains and tiny bunches of gelene and sphalerite occur in 
places and invaricbly erc accomnanied by gold enrichment, The grade generally 
is uniform, and where the lodes are wide enough and not too badly faulted they 
are nearly always workable throughout their developed area, The oxidation of 
the sulphides is neerly complete at the surface. It extends downward below No. 
e level, but at No. 3 tunnel level unaltered sulphides predominate, 
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Figure 1.—Location of York-Confederate Gulch region with relation to Helena, Mont. 
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Figure 2.—Plan of no. 2 tunnel level, Golden Messenger mine. 
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Figure 3.—Plan of no. 3 tunnel level, Golden Messenger mine. 
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LONGITUDINAL SECTION ON THE PLANE OF THE VEIN 
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Figure 6.—Underhand stoping method. 
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A large number of post-mineral faults (figs. 2 and 3) with a predominaat 
iorth—sovth or northeasterly~southwesterly strike and an easterly dip, cut the 
loces, usually at acute angles. Although the ore frectures and the faults heve 
(16 Same general strike, they almos*t invariably dip in cpnosite directions, The 
iverage ain of the faults is somewhat greater than that of the ore fractures, 
"sult displacements usually are smail (fig. 4), but the rather close spacing of. 
oa faults and tne acute angle at which they cut most of the veins in the horiz- 
sntal plene (fies. 2 and 3) frequently result in a much more comrlicated vein 
structure than would be deduced from a casual ern? at either a single vertical 
2ross section or a horizontal plan, 


DEVELOPMENT 


The mine is developed by a number of short adit levels and other openinss 
necr the surface; by No. 2 tunnel level, which cuts the ore bodics about 60 to 
39 feet vertically below the surface; and by No. 3 tunnel level, which is 150 
f-ct vertically bclow No. c. Beceuse of the nunber and size of the veins avail- 
acle above No. 3 level, no attempt hes yet been made at dcepor exploration. 


Previous operators had no definite plan for exploretory work. The United 
Gold Mines Corporation, however, recently completed e cereful geological survey 
of the mine workings and eiploys a geologist to study current geological prob- 
loms so that develonment may be directed most effectively and mining conducted 
-ificiently. A set plen of operation, however, does not appear to be possible; 
sach drift, raise, and stone presents a seperate problem, 


The present level intcrval is 150 fect vertically, or approximately ¢50 
focet on tne dip of the vein, It is important to keep main heulage levelg at 
the maximum practicable intervel to reduce development work in waste, This be- 
comes apparent when the relatively short veins are compared with the crosscut 
Aistances between them (fig. 3). The westerly strike of the China vein mde it 
nossible to drive most cf No. 2 level in ore; however, the lower levels will not 
hove this advantage, since the China vein dips out of the dike between No. 2 and 
woe 35 level, 


It is obvious that a lode so badly faulted as this cannot be developed 
ndequately at 250-foot intervals; moreover, it is equally obvious from an exam- 
ination of figures 4, 5, and 6 that no single intermediate level could be 
Sriven that would serve every stope efficiently} therefore, the plan adopted was 
to keep haulage levels senarated as widely as practicable and to develop each 
ore body by raises and sublevels cituated so as to meet each particular condi- 
tion. The ore abeve the sublevels may then be transferred to the haulage level 
by slushing or, in some cases, by dropping it through transfer reises, 


Raises are about 10 by 5 or 6 feet in cross section and are loceted and 
syaccd so 2s best to serve the ore body in which tney are driven. In many cases 


tne vein is so foulted thet no attempt hes been made to drive raises in advance 
sr stoping operations. 
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STOFING 


Two distinct stoping wetiuods are used, The method most generally employe 
at present is overhand. open=stoping in whicn tne back issupported by small <zi’- 
lars. The other method is underhand stoping, in which the back is permitted 1: 
Slough to some extent, miners being trotecied from faliing rock by a row of 
stulls covered with lagring and a thin layer of waste, In both methods viriv- 
ally all mucking is cone by mechnnical scrapers. 


Overrandc Stoping 


Virtually all past production has been obtained by the overhand method. 
The flexibility of this method adapts it to the faulted, irregular ore bodies, 
Since it is necessary to follow the ore from round to round without a set plas 
or preliminary development. Prior to completion of detailed geological maps, + 
was necessary to do nearly ell mining on a day-to-day basis, 


Drift chutes are spaced at 15- to 50-foot centers, depending upon the 
location of faults (fig. 5) and the dip of the vein; the closer spacing is used 
on the flatter dips. Drift nillars are left between chutes, and the latter are 
connected by short, flat raises, At intervals, which very according to locas 
conditions but may be considered as sbout 60 to 75 feet, a chute is cut out te 
accommodate a slusher-hoist installation, as shown in figure 7. Intervening 
chutes are built in a similar manner but without provision for the hoist. Al- 
though it might be possible to pull all tic ore to the slusher chute, the use 2 
the intervening chutcs greatly increreses the speed end efficiency of slushing 
and also provides more chute storege. The construction of a chute requires the 
labor of two men for about one shift. When the stope, or that pert of it served 
by the chute, is worked out, the chute is torn out and moved to ea new location 


Stoping is begun from the buck of the chute raises and follows the ore u- 
ward. Mounted or hand-held jackhammners and solf~rotetod stopers are used for 
Grilling. It is found that in these fl-t stopes better alinement of holes is 
obtained and less wear on machine parts and less steel breakage is suffered we. 
mounted jackhammers are uscd. In narrow sections or tight corners, hovrever, it 
is frequently necessary to use stopers and hand-held jack-hammers, Where tho 
lode is much more than G fcet wide, a cut is first carriod up next to the hae 
ing, whicn is carefully barred down, and the ore remaining in the bottom is tre 
benched down with hand-held jackhammers (fig. 5). 


Medium-weizht -jeckhammers usins 7/S=inch hexazon steel give excellent scr- 
vice in this ground, which generolly is exnsy to drill and breek. The highly 
oxidized ore in the upner levels frecuently is soft and crumbly; the unoxidized 
ore on No. 3 level consists of a mixture of altered quartz diorite and bands cf 
hard quartz. Beceuse of the irregular ore bodies ard varying vein widths, there 
is no standard practice governing depth, spacings, or luading of holes. - 


Detachable bits arc uced throughout, Now starting bits have a gage cf 
2-1/4 inches, <As the bits wear, they ure re-sround mnd sorted to give "following" 
ErZese 
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Figure 7.—Chute construction for scraper-hoist installation. 
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Except for an occasional stull to supnort a piece of loose hanging, no > 
timber is used in the overhend stopes, Tne hanging wall is strong and not like- 
ly to ssueeze. The rock, however, is rether blocky, end small falls of rock 
nse Frequent unless the back is supported. This support is provided partly by 
tne netural division of the stope into small semnents and is completed by small 
pillars of ore left within the segments. The more highly faulted stopes (fiz.5) 
are divided into a number of small segments, sliechtly offset above or below each 
other and bounded by the planes of faulting. Although it would be possible to 
curry the stopes without interruption through the minor faults, to do so would 
involve mining considerable waste from either the hanging or foot walls and would 
‘umnecessarily open extra ground. The practice therefore has been to hole 
tnrough the fault steps only when necessary to facilitate slushing operations, 
This results in a division of the stope into a number of independent sections, 
each tounded by planes of faulting. Tne hansing wall within the individual 
scctions is supported by ore pillars about 10 fect in diameter and spaccd 15 
feet apart. Between the pillars the back is arched to insure safety. It is 
expected thet a lerge percentage of these pillars eventually will be recover- 
atle by simultaneous blasting and Scraper mucking. 

It would be possible to substitute timber support for the ore pillars; 
nowever, the height of the back--which is frequently 10 feet or more, measured 
nervendiculer to the vein~-and the blocky character of the ground would make 
aecessary the use of large, heavy, closely spaced timbers, which would malice 
timbering expensive. The timber would be subdjcct to damage by heavy blesting 
end would interfere to some extent with slushing operations, These factors, 
together with the low-grade ore and the possibility of recovering pillars latcr, 
hnve influenced the decision in favor of ore pillers. 


Underhand Stoping 


A method of underhand stoping that involves some novel ideas is being tried 
successfully in one stope, The mcthod is illustrated in figure 6, 


The ore is benched downward in successive slices and pulled to a central 
reise by mechanical scrapers, The bottom of the stope is inclined at a low 
ongle toward the raise, affording secure footing for the miners and permitting 
tre most efficient drilling with hand-held jackhammers, The broken ore is con- 
{ined to a small area and mzy be scraped in a short and cirect line to the raise, 
Tosts are not yet available but it appears that drilling and scraping may be 
inne more efficiently with the underhand method. 


It has been pointed out already thet the ground is not likely to squeeze. 
Tie support of the hanging wall, therefore, is chiefly to protect miners and 
orevent dilution. <A protective covering is provided above the working slice by 
siccessive rows of 8-inch stulls 7 feet apart, lagged over with 3-inch sewed or 
--~inch round lagging and cushioned with e thin. layer of waste, Inasmuch as the 
stopes are flat, protection is needed only against rolling rock or glancing 
lows} moreover, blasting is directed away from rathcr than toward the timber, 
nonsecuently heavy stulls are not required. The rows of stulls are spaced 15 to 
+) feet apart, depending on tho ground, Adequate protection is obtained with a 
nomparatively small amount of light timber, and a high percentage of the ore is 
extracted. 
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Although this method entails driving development raises et intervals gover:- 
ed by local conditions, the number of chutes is about half that required ty th: 
overhand method. The sublevel development will denend, in each case, upon the 
cize ond position of faults. 


The stope now being mined by this nethod is unusually free from faults. ° 
is doubtful if the method will be applicable to the highly faulted arezs; hor 
ever, the management feels certain lower over-all costs will be obtained by 
this method, where conditions permit its use, 


SLUSHIN 


The mine is equipped with five HDE~-7 (7~1/2 horsevower) Sullivan 4. c. 
clectric hoists wound with 3/8-inch etecl cable. The cable is changed at abou 
Lemonth intervals. Thirty-six-inch, box-type scrapers are used. Ordinarily, +) 
hoco-type scraper would be chosen for this typo of work, but second-hand box 
scrapers were available and cheaner; they have served the purpose satisfactorily. 
Allov-steel tecth have been riveted to the scraping cdge to increase the digzi~ 
nower in blocky ore, 


Miners and muckers usuclly work in pairs. The mocker assists the miner 
in setting up his machine when necessary and in turn, is, assisted by the mincr 
in rigging the slushing equipment. The ore is slushed into and viled above t:< 
chutes. When the chutes are full, stockpiles are built up at convenient locii- 
ities from which the ore may be pulled quickly to a chute, Because of the flict 
vitch of the stopes, chute capccity is small and only a few cars may be pulied 
readily from a chute without going up into the stope to pull down the ore; this 
slows down loading ore trains. To speed up loading, one of the raiscs in the 
underhand stope has been lined with sheét steel so the ore will flow by gravity 
to the chutc. In many places the vein is flattencd by faulting to such an ex- 
tont that tne ore wil] not slide on steel, 


At first it was believed that ore could be scraped efficicntly the full 
Aistance of the level interval, or 250 feet. Trouble with burned-out armatures 
has led to the conelusion that ebout half this distance is the maximum for sat- 
isfactory operation of the 7-1/2-horsepower hoists under existing conditions. 


Ore may be conveniently scraped to chutes rbout 40 feet on either side of 
the hoist by using snatch blocks. When scraping is done into side chutes or 
eround corners an extra mucker usuelly is required to handle the scraper and <¢ 
do such hend shoveling as may be necessary. 


Instead of the usual expanding wedge for anchoring tail and snatch blocks, 
it has been found to be cheaper and quite as satisfactory to use a piece of 
vtroken drill steel with detuchable bit threads on one end, An eye is forced 
on tho broken end and an outworn bit screwed on the threaded end, which is 
then roughly wedged in a hole in the back or wall at such an angle thrt 
direct pull is not exerted on it. 
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Although the segmented character of the stones recuires the constant aveil- 
cility of a mumber of slusher rigs, seldom are more than one or tvo in operation 
t any one time, Tne total installed horsepower for scraping is 25. 


TRAMMING 


All ore is dropped through transfer raises or stones to the No. 3 tunnel 
evel, from which it is trammed by horses to the mill, a distance of 2,600 feet. 


Cne horse pulls a train of 10 cars each of 0.675-ton capacity. Two horses 
cvnd two crivers per shift are employed. One driver gathers the cars and the 
»tror draws the trains to the mill. 

This work is contracted at $0.07 ver car. The contri.ctors furnish and feed 
cone horses and pay one driver per shift. ‘The other driver is paid by the 
cOmMAaANy. 


LABOR 


In June 1936, the following men were employed at the mine: 


2 Rate per day 
19 MEMOS sé 6: s.o-6-6-seters ace osene $ 050 


DS, MUCKE LS os asaesawee eee 425 

C ULFAMMETSscocccoees-eee Contract 
 PLAMMCVS o.5 ai-e-ea eee oreo We Z5 

1 COMMPTESSOL MANecesecves 425 

LO PIACKSml tae wewwaw cares We75 

2 


shift boSSe€Secesescoee 5.00 


Acainst a daily production of 125 tons, this gives an output of 2.73 tons 
ver man shift for all mine lebor. 


Two machine shifts per day were being employed on drifting (mostly in ore), 
cut as conditions had not yet warranted a separate accounting of stope and 
iuvelopment cost, no dependeble division can be made, 7 


POWER 


The mine is equipped with one 450-cubic foot and one 4OO-eubiec foot com 
sressor, each driven by a 75-horsepower induction motor} one 25-horsepower motor 
ccnerator set furnished d.c. current for the slushers and a 10—horsepower mine 
mam. The maximum power loed for the mine is about 150 horscpower,. 


Power is purchased from the Montana Power Co. at a charge of $1 per month 
ver horsepower of maximum demand plus a rate of $0.0061 per kw,-hr. consumed. 
-.6 energy rate varies according to the peak demand rating, which is 300 horse~ 
oower for both mine and mill, 
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COSTS 


Because of the proximity of the mine to the company office in Helena it :: 
vossible to combine office expense with thnt of other operations of the comer. 
In this vay it is possible, at small cost, to supply the operating staff wit:: 
jJaily cost sheet, a copy of which is placed in tne nends of the superintende::: 
och moya.ing and shows the costs for the preceding day; an abnormal incrersse :: 
any item is checked immediately. A typical daily mine cost statement follows: 


Per ton 

Item Amount (based on 125 T) 
LADO? oidves os acebawe tens esews 2195075 $1.550 
SIPDLLCSsgacpevccrecsesceseces 63.75 ©510 
FOWL eve wesenveseseccepersveg 10.62 ~085 
OTL COcccevnccncccscvccescesece $522 0025 
SUPELV1L S1ONs eecacccecccccvece ere ae 2045 
TruckinGeccocecevscveccscceses 2.47 ~020 
ASSAYING a swcecccearcscccoacecs 5.37 O47 
Accident insurancOecceserecces o.71 .078 
MiscellaneouScecccccccccccsces 5 00 2929 

Total cocvevvcesece $298.64 . $2. 389 


Total cost of mining for the entire month of May 1936 was $2.411 per ton. 


Cost of mine supplies and drilling and blasting for May 1936 are incluied 
in the following two tables. 


Cost_of mine sunplies (May 1936) 


Item Amount Cost 

(per ton) (per ton) 
PI Getnianbsucacsidaaueeaceaees Ly 76 pounds 0.2748 
FUSC ecco ves consesseeceeseer UY U6 feet 00 309 
GAPSeenesvecersrccecccescenee o/t7 00095 
CarbFide€sevccccccevcsencecesos 098 pound .0067 
New jackbi te iiecctssvuswesee ~1fe 00548 
New Timken dDitSccoscccscccvcce 0013 004? 
Bitting, shanking, threading, 

STOCl co ewiicsesewe esse wie eee 20315 
New drill steeliessceevcvcsee »0151 
FRerround DitScccerccccvecece 10 00223 
Airhose, drill PATtTSeecccece .0450 
LUDTICANTSeeccrvecnrecccvesce | 20136 

5124 
5550 a eee 


Google 


Mine 


25-ton ore odin 
Pan feeder 
13— by 21-inch jaw crusher 
Belt a. 


No. 25 Kennedy gyratory 


Belt conveyor 


100-ton ore bin 


| 8—-foot by 22-inch Hardinge conical bail mill 
x Oa Se ee 


Akins classifier 


Oversize Over f low —E levator 


8— by 8-foot Callow cone 


Over f low Under f low 


Two 24— by ae Dorr ai a 


Under f low Over f low 
| are reas | 


Three 10= by 20-foot Pachuca agitators in series oe 
i Precipitation 


Three 20— by 7-foot mechanical agitators in series 
| VW Precipitate 
fe ee eee Baan solution ub 
36- by 10-foot Dorr thickener Furnace 
Overflow Underf low Mint 
ee 
| Port land filters used alternately 
A | 
Water > a le —Filtrate Cake 


| paeeenel 
Vv 
— — — Small log washer 


4 


Tailings pond 


Figure 8.— Flow sheet, Golden Messenger mil}, 
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Item Cost 
(per ton) 

LOT score ccr scr cacccccrsesserscerrsscecerssscserecerr eds erearesere 0.5060 

orts, steel, bits, sharpening, airline. cccrcccocccccccscescesesteces lito 

row ei GS; powder, fuse, COPScceccce reese eeseedeeseeeeesseseseveenerse © 3559 


CHAT gece e tee eee OP EOP ESCH OEEHE REE EE HECHT EEE ROCESS ESESEE EEOC eye 4 
1.0751 
MILLING 


The Golden Messenger ore is treated by straight cyanidation. The present 
i111 building was built by the York Mining Co. in 1913, and a considerable ton- 
wee of ore was treated by cyanidation prior to 1927. 


Uoon beginning operations in 19355, the present company utilized the old 
ill building and much of the equipment left by carlier operators. Consecuently, 
tne set-up is not all that the management desires, Nevertheless, the require- 
sont of low first cost, which was important at that stage of the operation, was 
*-lfilled and, up to now, extraction has been reasonably satisfactory. 


However, mining increasing quantities of unoxidized ore from the lower 
level has been accompanied by decreased extraction because of insufficient grind- 
ing. Tests have indicated thet gold locked in the coarser sulphides is chiefly 
responsible for the loss. It is planned to make a tzole concentration of sul- 
“rides and return the concentratcs in closed circuit with the ball mill until 
srey are sufficiently slimed to pass off with the table tails. This will 
achieve the desired result without throwing a heavy additional load on the grind- 
int circuit. . Further tests indicate that a period of agitation should precede 
the first thickening (fig. 8) of the pulp. This change would permit more of the 
“old to be removed from the circuit quickly and would cause lower grade solu- 
tions to go to the last (No.3) thickencr and thus reduce the dissolved loss. 


The following description applies to the mill operations in June 1936. The 
flow sheet is shown in figure &. 


Crushing 


Ore is brought from the mine in horse-drawn treins of 10 cars each. The 
c.rs are dumped into a bin of 25 tons capacity, from which the ore is fed by a 
nan feeder to a 13— by 2l-inch Blake type jaw crusher set for a 2=inch dis-_ 
charge, The crusher man sorts about 120 tons of waste per month from the ore 
(© it passes over the pan feeder. 


From the jaw crusher the cre moves over a short belt conveyor to a No. 25 
seamed y evratory set for a 3/4-inch discharge, thence by belt to a 100~ton 
rine-ore bin, | 


"5650 | - 1} - 
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Grinding and classification 


Grinding is done in cyanide solution in an &-foot by ce-inch Hardinge cor- 
ical ball mill operating in closed circuit with a 4=- by 18-foot Akins classifi:z: 
and an 8- by &-foot Callow cone used as a Supplementary classifier. The under- 
flow from the cone is returned by elevator and launder to the ball-mill feed. 
The ore is ground to 95 percent through 65—mesh. 


Cyanidation 


From the cone~classifier overflow the pulp passes to two 24— by .10—-foot 
Dorr thickeners arranged in parallel, The pregnant solution overflow, assayir 
about 0.038 ounce gold, goes to the precipitation. The pulp, which contains © 
percent solids, goes to a series of three 10- by 20-foot Pachuca agitators fol- 
lowed ty another series of three 20- by 7-foot mechanical agitators, which wer: 
converted from old leaching tanks’ by the installation of paddles. Solutions er 
maintained at a strength of 1 pound of free cyanide and 1/2 pound protective 
alkalinity per ton of solution. The total time of agitation is between HO azi 
45 hours. Cyanide consumption is 0.6 pound and lime consumption is between 5 
and 6 pounds per ton of ore treated. 


From the agitators the pulp goes to a 36- by 10-foot Dorr thickener, fror 
which it is discharged to the filters, | 


Barren solution is added to the last thickener} the overflow goes to the 
ball mill- classifier circuit. 


No diaphragm pumps are used in the circuit. <A centrifugal slime pump is 
used to elevate the pulp from the Pachuca tanks to the mechanical agitators. 
Otherwise, all pulp flow is by gravity, the pulp density being controlled ty 
cusnings in the thickener discharge pipes. 


The final thickener is outside the mill building, but no trouble has beer 
exoerienced from freezing even during a 3 week period when the temperature dic 
not rise above zero. 


Filtering 


Pulp is delivered to the filters at about 60 percent solids. One 12- by 
12-foot and one 9- by l2-foot Portland filter are used alternately, Cakes cor- 
tain 20 to 25 percent moisture; they are repulped in small log washers and 
diluted with mine water to avproximately al to 1 ratio. The pulp is then 
cerried by launder to the tailings pond. 


Water consumption 
The only water added to the mill circuit is that needed to replace the ever: 
oration: loss and the solution lost in the filter cakes, Additional water is re- 


quired for tailings disposal as noted above. These requirements are met by 1€ 
eellons of water per minute, which is all that the mine makes, This is lees tr 


55,00 oo 
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she theoretical reauirements, as indicated under "Filtdrtng," so it would secm 
‘robable that the pulp is ectually being carried to tailings et hizher then a 
-perecent density. 


Extrection 


On cxidized ores a tailing cvereging about 0.02 ounce of gold per ton has 
con obtained, which, with a Q.20-ounce heed, gives an extraction of 90 percent, 
< elready stated, the recent increase in the proportion of unoxidized ore has 
‘cssulted in poorer extraction. It is belicved, however, that the contemplated 
ntroduction of selective fine grinding of the sulphidcs will overcome this 
rouble. 


Melting 
Precipitates are melted in an ordinary tilting furnace, the following charge 


reing. used: 


BOreKscossccecs 40 
soda ASN 6 s.06e6 & 
GLASS 4465.54 oie 5) 
Precipitate... 57 


Crucibles last about 1 month, or for four melts. The cost of melting (May 
736) was $56.49, or $0.013 per ton of ore treated. 


Labor 


| Eleven men, in addition to the superintendent, ere employed in.the mill and 
for tailings disnosal. These are distributed as follows: 


Rate: per da 
operators: (1 -ehen Shitt) siesdccsendsawees dees 4.75 


») 

3 helpers (1 each Shi fl) s64. occa wee csaswewne tes 4.50 
2 crusher men (day and afternoon) .ceccccccseces 425 
1 repair man (GAY) os siseG bees se weweuseeewbeees £50 
2 tailings dam attendants (day and afternoon)... 25 


This gives a tonnage milled, per man shift, of 11.36 tons, based on a ton- 
uvee of 125 tons per dny. (The tonnage in May 1936 was actually about 140 tons 
9er day.) 


Power 


Connected horsepower for mill purposes is as follows: 
Jew crusher and conveyorSecsece 50 
GVTEUOlY ¢k.sie 6 sewn 6 O80 es varwe~n se 20 
Beall mill-classifier circuit... 100 
Mill compressor (150 cu. ft.)+- 
Mechanicél AgitetorSeccerccccvce rie 
Misc. (pumps, etc.) 
240 


3500 i 
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Actual perk demand for mill operation does not exceed 150 horsepover. 
Costs 


A typical daily mill cost stetenent follows: 


Per ton 
Itom Anount (on 125 7) 
Hie OT gig vn ievdotcersel ese ane ove eer Rie oe ooo axe ¢ 08,62 $0.540 
Dl Ud. OS pices ores wis eis 0 UNS we ee ew eee es gee) 0288 
POTOT ce cccscccesceneseccrveccsesvens 32.0 0257 
Cabal reer ere yer ee er ee eee ee a eee 3.12 0025 
SUPETVI SLONewccvesccevveseccesscese 5th 205 
Truckinges ececscvccveetecsecesccscece 2.47 .020 
ASSAVENZesccccsecrecacecvcesececseve 303 024 
Accident LNSULANCCececvvvcceseveces 1,82 O15 
Fire LTNSUTANCECececcecvecccesccveces 2.8 e022 


Mipsce L LbAleCOUS s.do sree Wd0:6 0-00 ee eels ewew ) 5260 029 
159.36 1ee/+ 


Actual total mill cost for the entire month of Mey 1936 wes $1.21 per tex. 
Cost of Mill Supplies (May 1936) 
Item Amount per ton, pounds Cost per tz: 


CYONL AC ocecceeceseveveesse 0.609 $0.2149 


lice rere et ee eee ee ee ee 6.190 00554 
‘Sbtrerwrrrr ere reer ee ee ee ee 0273 00332 
BOLL Sccccvcewccevecevccces e.sle Ook 
LUDricantScevccoscescesvece pad .Q061 


TOTAL COST SUMMARY 
The following is a summary of all costs at the Golden Messenger for May 


1936, 
a - 2 Per ton 
MINING 6 6 6006 /e scéavewte aoe $2. 11 
Mii Ne eda Ssaeies se are's 1.el2 


MOU C1 s.6-4 6 6ee ns 4066-0 2013 
Total operating.escces. 3.636 
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